Background. Although animal-source foods provide a rich source of complete protein and a variety of micronutrients, a majority of these foods are not accessible to a large proportion of populations in low-income nations. Locally available and affordable nutrient-dense dietary solutions that are accessible all year round can provide the most viable solution to improving food and nutrition security for these vulnerable populations. However, their potential to improve nutritional status among pregnant women has not been documented.
Introduction
Pregnant women in resource-scarce settings are at risk for vulnerable health and nutritional status due to high levels of respiratory tract infections, diarrhea, and pneumonia, along with increased pregnancy-related nutrient demands and inadequate food supplies [1] . These vulnerable women are at risk for inadequate weight gain, low birthweight, prematurity, fetal death, and maternal and child mortality [2] [3] [4] . Adequate nutrition can offset these adverse effects through support of positive maternal weight gain and fetal growth and protection of their immune function. Efforts toward utilizing accessible, affordable, and sustainable nutrient sources can help to maintain adequate shortterm and long-term nutritional status and improve pregnancy outcomes in resource-scarce regions. Micronutrient supplements and dietary supplementation with meat have shown improved nutrition and health outcomes for maternal and child populations in lowincome countries [5] . Multinutrient supplement programs often require external support for long-term sustainability. Although animal-source foods provide a rich source of high-quality protein and a variety of micronutrients required for adequate growth, the majority of these foods are not accessible or affordable to a large proportion of the population in poor countries, resulting in predominantly plant-and grainbased diets with low levels of complete protein and micronutrients. Although effective under conditions of urgent need, these means of improving nutrition do not offer long-term sustainable options in low-income S181 Fish-and soybean-enhanced snacks countries such as Kenya [6] . Dietary intakes among pregnant women in Kenya have been shown to be predominantly cereal-based, lack animal-source foods, and provide inadequate amounts of energy, minerals, and vitamins [7, 8] . Provision of locally accessible, affordable, and sustainable foods rich in multinutrients is of paramount importance to long-term improvement of nutrition, health, and pregnancy outcomes in poor populations. Locally available and affordable multiple nutrient-rich dietary solutions that are accessible all year round provide the most viable solution to improving food and nutrition security for these vulnerable populations.
Soybeans and fish are affordable and locally available year-round in Kenya. These foods may provide a viable alternative to micronutrient supplements and beef. Soybeans, although low in available iron and zinc, have high protein content (approximately 40% of weight) with a favorable amino acid profile and have the potential to improve food and nutrition security among vulnerable populations [9] . Human soybean consumption in Kenya has risen in the last few years, and the Kenyan government has intensified its efforts to promote soybean production over the entire country to meet the rising demand [10, 11] . Soybeans and soybean products are now available in local markets in rural and urban areas of Kenya. Rising local soybean production provides a steady supply of an affordable, protein-rich food source to many households in Kenya. Omena (Rastrineobola argentea) is a sardine-like fish that is indigenous to Lake Victoria (providing about 47% of the total fish catch) that could supply a large proportion of animal-source protein to communities in Kenya [12] . Dried omena fish product has a long shelf life, is affordable and well liked compared with other local fish species, and has a crude protein content of 60% to 75% on a dry weight basis [12, 13] . Soybeans and omena may offer suitable, affordable, nutrient-rich food sources for a resource-scarce population. In order for supplemental foods to be effective in improving the health of a population, the foods need to be acceptable to the target population. The following study was conducted to help guide the development of fish-enhanced and soybean-enhanced supplemental snacks and to evaluate their acceptability among pregnant women in rural Kenya.
Methods

Snack formulation and processing
The soybean-and fish-enhanced snacks were developed to provide 21.25 g of protein, approximately 33% of the daily protein requirement of a 26-year old, HIV-positive pregnant woman in the second or third trimester of pregnancy in rural Kenya (55 kg body weight prepregnancy) [14, 15] . In addition to meeting part of the daily protein requirement, our goal was to formulate a balanced protein supplement [16] . All three snacks (soybean-enhanced, fish-enhanced, and wheat) were delivered in the form of cookies and were developed to provide approximately 500 to 600 kcal. The theoretical formulation of snack components was conducted using Microsoft Excel software (tables 1 and 2). The basic snack ingredients included wheat flour (Unga Limited, Nairobi), vegetable oil, sugar, ginger, and a cinnamon spice mix. Additionally, the fish-enhanced snack contained dry omena powder and the soybean-enhanced snack contained processed soybean flour (Wamimu Millers and Soya Packers, Nairobi). Fresh and raw omena fish were cleaned, blanched in boiling water, oven-dried (350°F), and ground into powder and incorporated into the snack mix. The nutrient composition of the theoretical snack formulation was derived from the International Minilist nutrient database [17] and the US Department of Agriculture nutritional composition database whenever data were not available from the above two sources [9] . Information on omena nutrient content was obtained from the published literature [18] . Laboratory analysis was performed to assess the total fat, protein, carbohydrate, energy, calcium, sodium, iron, and zinc contents of the snack. All samples were finely ground and stored at -20°C until analysis, and the samples were analyzed in triplicate according to AOAC methods for contents of protein (Kjeldahl method), fat (Mojonnier method), ash (dry ashing), and moisture (forced draft oven method), and analysis of calcium, iron, and zinc (combined dry and wet washing protocol, followed by atomic absorption analysis). Total carbohydrate content was calculated by the subtraction method, and energy was calculated using Atwater coefficients of 4, 4, and 9 kcal/g for carbohydrates, protein, and fats, respectively. The theoretical and analyzed values in table 2 show nutrient estimates from our theoretical formulation and laboratory-based analysis, respectively. According to our laboratory-based analysis, approximately 15% of the fish-enhanced and 12% of the soybean-enhanced energy contents of the snacks were provided by protein.
Study design and population
A cross-sectional study design was used in this study, which was conducted over a 2-week period among pregnant women in the Seme subcounty of Kisumu West District in Kenya, an area predominantly inhabited by the Luo tribe. Healthcare services are predominantly provided at 19 healthcare service locations (2 hospitals, 3 health centers, and 14 dispensaries) within the subcounty. A sample size of 50 women was determined to be adequate to detect a difference in the mean responses to the fish-based and soybean-based snacks. Potential participants were contacted during their prenatal Maternal and Child Health clinic visits at the Kombewa District Hospital, screened for eligibility, and requested to participate in the study voluntarily.
The study eligibility criteria included adult pregnant women of known HIV status (asymptomatic if HIVinfected) without any known preexisting food allergies. The participants' HIV status was noted from the Maternal and Child Health clinic records. Forty-nine pregnant women (22 HIV-infected and 27 noninfected) were successfully recruited into the study. All communication with the respondents was carried out in the local Dholuo language. Information on the participants' age, duration of pregnancy, and educational level was collected as part of the recruitment process.
Ethical approval was obtained from the Office of Research Subject Protections at the first author's institution, George Mason University, and the Kenya Medical Research Institute. Hospital medical and nutrition officers were informed in detail about the aims and procedures of the study, and two clinic assistants and one nutrition assistant were trained to help recruit and conduct the trial. Informed written and oral consent was obtained from the participants prior to the study. The participants' HIV status was kept confidential and not released to the study participants or research assistants.
Taste trial
All snacks were prepared daily in a central kitchen near the study location. Individual cookies (approximately 15 g) were placed in clear plastic packages and delivered to the location of the taste trial. A facial hedonic scale was used to assess the participants' ratings (like or dislike) of the taste, odor, texture, and color of the snacks (fig. 1) . The snack tasting took place under controlled 
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Fish-and soybean-enhanced snacks conditions in a room set aside for this purpose at the Kombewa District Hospital. Marked snack samples of equal amounts (15 g) were placed in the same standard order at defined locations on tables within the room. The participants were instructed on the taste-testing procedures. Each participant was assigned to a specific seat. Bottled drinking water was provided, and the participants were instructed to take sips of water between tastings. The participants were also asked not to consult with each other during the actual tastetesting procedure. All study participants consumed the snacks in the same order (soybean, wheat, fish), and the taste trial took place over a period of 5 days.
Focus group discussions
Four focus group discussions were conducted to assess the participants' perception of the snacks. All study participants were invited to the focus group discussions, which were conducted within the hospital compound. All focus group discussions were conducted within 3 or 4 days after the taste tests and were led by the first author and audio-recorded by a nutrition assistant. Eight to twelve women participated in each focus group discussion, for a total of 37 of the 49 women who participated in the taste trial.
Reporting of adverse reactions
The participants were asked to note any adverse reactions that might occur. They were encouraged to report and seek medical assistance for any adverse reactions at the local nutrition or Maternal and Child Health clinic. Furthermore, they were encouraged to discuss any adverse reactions when they returned for the focus group discussions.
Statistical analysis
Because of the overall distribution of responses, the "dislike a lot" and "dislike a little" response categories were merged to form a "dislike" category during analysis, while the "like a lot" and "like a little" categories were merged to form a "like" category. Means and percentages were calculated. A Wilcoxon-Mann-Whitney test was used to compare the women's mean ages and mean number of school years across HIV status. The "dislike" and "neutral" categories were merged because of their small numbers, and Fisher's exact test was used to compare percentages across HIV status. SAS, version 9.1, was used for data analysis. The focus group discussion recordings were translated into English by the first author and the nutrition assistant, who discussed any differences until an agreement was reached. The translated recordings were transcribed verbatim and coded by the first author with the assistance of a graduate student researcher using Nvivo software. The focus group discussion questions were used to define specific themes. The participants' responses were coded within the existing themes: snack acceptance and consumption and suggested improvements. 
Results
A majority of the analyzed values for energy and nutrients were slightly lower than those estimated from the theoretical calculations (table 1) . Notably, the protein content in both enhanced snacks was significantly elevated as compared with the wheat snack: the protein content of the fish-enhanced product (19.1 g/100 g) was approximately triple, and that of the soybean-enhanced product (14.8 g/100 g) was slightly more than double, the protein content of the wheat snack (6.42 g/100 g). Total fat remained relatively stable across the products, so that the increase in protein in the enhanced snacks was met by a similar decrease in total carbohydrate content. All three measured minerals (calcium, iron, and zinc) were higher in the enhanced snacks than in the wheat snack, with particularly marked increases in calcium and zinc in the fish-enhanced product. A serving of 100 g of fish-enhanced snack would provide about 30% of the daily protein need of our model 26-year old, HIV-positive woman in the second or third trimester of pregnancy in rural Kenya.
Sociodemographic characteristics of the study participants
The participants' mean age was 26.9 ± 5.84 years (table 2), and they had completed an average of 10 years of formal schooling. There were statistically significant differences in women's ages and completed years of school across HIV status. The greatest number of participants were in the second trimester (45.0%). A higher percentage of HIV-negative than of HIV-positive women were in the third trimester (55.6% vs. 27.3%).
Snack acceptance
The fish snack was generally accepted across the four characteristics of interest (table 3) . Overall, 85.7%, 87.8%, 87.8%, and 85.4% of the participants liked the taste, odor, texture, and color of the fish-enhanced snacks, respectively. The soybean-enhanced snack was generally accepted as well: 85.7%, 89.8%, 81.6%, and 81.6% liked the snack's taste, odor, texture, and color, respectively. The wheat snack had the highest acceptability ratings. Overall, 96.0% of study participants indicated that they liked all four of the wheat snack's attributes. The percentage who liked all four attributes was 80.0% for the soybean-enhanced snack and 81.0% for the fish-enhanced snack. No statistically significant differences were shown across HIV status for all three types of snacks. Approximately 44% of participants who disliked the fish-enhanced snack also disliked the soybean-enhanced snack. However, these results were not statistically significant, indicating lack of association in the participants' preferences for soybeanenhanced and fish-enhanced snacks.
Summary of focus group discussions
Snack acceptance and consumption
The participants indicated that they liked all three types of snack. The wheat snack was the most preferred for its light brown color, texture, and familiar taste. All participants agreed that, if given the opportunity, they 
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Fish-and soybean-enhanced snacks would consume the wheat snack in large quantities on a daily basis. The fish snack was also well liked for its crunch (texture), taste, dark-brown color, and spicy flavor. A few participants indicated that they did not like the rough texture and the fish smell of this snack. The number of fish-enhanced snacks that could be consumed in one day varied from two to "many. " The soybean-enhanced snack was also well liked for its dark-brown color, mixture of soybean and spice flavors, and smooth texture. However, some participants indicated that the soybean-enhanced snack was more filling and could not be consumed in large amounts. The number of soybean-enhanced snacks that could be consumed in one day varied from 1 to 12. Some participants noted that serving the soybean-enhanced snack with a drink such as water was helpful.
Suggested improvements
The participants indicated that the wheat snack should not be changed in any way. Although the participants did not see an urgent need to change the fish-enhanced snack, they indicated that eliminating the fish smell would elevate the snack to a higher level of preference. Some women indicated that they would prefer a lighter color for this snack. For the soybean-enhanced snack, the women suggested a lighter color and a reduction in the soybean flavor. Despite the few suggested changes, the women generally agreed that they would consume the snacks "as-is" on a daily basis. Overall, the participants liked the snacks. No adverse reactions were reported or mentioned by the participants.
Discussion
We utilized multiple methods, including recipe formulations, laboratory-based analyses, taste trials, and focus group discussions, to facilitate the development of fish-enhanced and soybean-enhanced supplemental snacks, to evaluate the snacks' acceptability among pregnant women, and to explore snack delivery options within a research setting scenario in rural Kenya.
As expected, virtually all participants showed an extremely high preference for the wheat snack. The soybean-and fish-enhanced snacks were also well accepted, with less than 15% of participants indicating that they disliked any of the snacks' attributes that were assessed in the study. Such high levels of acceptability were most likely due to our use of foods that were familiar to most women in the study area. Soybeans and omena were chosen not only because of their high protein content, but also because they are available and accessible to many households within the study area.
Concerted government and private industry efforts have focused agricultural support and extension services to increase production, encourage consumption, and improve marketing of soybeans, and recent research studies in Kenya and other African countries have shown the potential of soybeans to improve household food security [19, 20] . A recent study carried out among households in Kenya demonstrated that relatively high levels of acceptability of soybean and soybean products can be achieved through education and awareness [21] . In addition, the Ministry of Agriculture has developed recipes to demonstrate ways of incorporating soybeans into the local cuisine [22] . The omena fish is available within the study area and is a cheaper alternative to the larger fishes and other animal-source foods and products. However, dried omena is often considered a food of lower economic value compared with the larger fishes, such as tilapia and Nile perch, which boast a large market demand in the local and export market [12, 23, 24] . Currently, a large proportion of omena fish is processed into fish meal in the animal-feed industry. The current assessment is one of very few studies that have utilized animal-source foods in Africa [25, 26] . However, at a cost of US$1.33 per 100 g of protein, omena fish provides a more affordable source of protein than beef (US$2.23 per 100 g of protein) in Kenya.
The recipes and preparation methods of the snacks allow for the incorporation of higher amounts of protein per unit volume compared with the commonly consumed dishes such as omena stew or soybeanenhanced porridge, and demonstrate the potential use of locally available foods to improve nutritional and health outcomes in the study area. Both the soybean-and the fish-enhanced snacks provide protein at a higher protein-to-energy ratio than do most lipid-and corn-soybean-based nutrient supplements [27] [28] [29] [30] [31] . The snacks were formulated to provide less than 25% of their energy content from protein. Such balanced protein supplements have been associated with significant increases in gestational weight gain and birthweight and significant reductions in the risk of small-for-gestational age babies [16, 32] .
It is worth noting that omena may elicit strong reactions among some individuals. Although a majority of the women indicated that they liked omena, the focus group discussions revealed a few of them who expressed a strong dislike for the fish. At least 10% of the study participants disliked the color, odor, and taste of the fish-enhanced snacks and the taste, texture, and color of the soybean-enhanced snacks. We will continue working on the two snacks to address these concerns. However, our results showed that participants who expressed a dislike for either the fish or the soybean snack were not necessarily the same people. It is encouraging to note that a majority of the study participants liked at least one type of high-protein snack, and that those who dislike omena could be reassigned to a group receiving a soybean-based snack and vice versa in future studies.
Our decision to deliver the snacks as cookies instead S186 C. A. Gewa et al.
of porridge was made to allow for the preparation of a standardized product. In addition, the cookies have a low moisture content, which makes them easier to package and deliver and prolongs the shelf life. There are some limitations to consider when interpreting the results of our study. Given that the field trials were conducted over a very short period of time, with the participants trying the snacks in only one seating and in relatively small amounts (15 g), it is difficult to generalize how well the snacks would be accepted over a longer consumption period and outside of study conditions. We plan to perform additional studies to address these concerns. Despite these limitations, the study demonstrates that it is feasible to develop acceptable, nutrient-dense food supplements using locally available foods in rural Kenya. These results contribute to culturally acceptable and sustainable solutions to the problem of undernutrition in low-income countries.
